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Abstract

IAS Alamos and Sand.ia Naticnal Laboralorics arc building an ullrasof[ X-ray mcsni[or cxpcnmcn[. Thl\
expcriincn~ ca.llcd ALEXIS (bray of Low-Energy X-Ray Imaging Sensors), consists of six compact norrrul
ixidcnce tel~op ALEXIS will opermc in tie range 70- 110 cV.

The uhsoh X-ray/EU V band is nearly unchami km[o~ for astrophysics. ALEXIS, with irs wide fields-of-
view and well-defined wavelength bands, will complemem lhc upcorr, mg NASA Extreme l..llrraviolc[ Explorrr Unl!
ROSAT EW Wide Field CamenL which are sensitive broad-band survey expenmcms. The program objecuvcs I)!
ALEXIS arc w 1) dcmonsmm me f-ibdily of a wldc field-of-view, normal incidence ulmsoft )(-my telcscopc
sysmm and 2) to dewnnine uluasoft X-ray backgrounds in Ore space cnvr.ronmem. As a rhvidend, ALEXIS w Ill
pursue he following scienufic objectives: 1) to map tie diffuse background. wnh unpreccdemui angular resolu[l(m,
in several emission-line bands, 2) 10 ~rforrn a narrow-band survey of pomi sources, 3) 10 sewch for ~anslcnl
phenomena in he utuasofl X-ray band. and 4) m provide synopuc monltonng of vanablc uluasofl X-ray sourrc~
such as =Mysmic variables and flare s-.

The six ALEXIS Mescopes are armmgcd m pairs w cover rhrcc 33” Fields-of-view. During each spn o! [ht.
MUIIJIC, ALEX15 wrll mommr more LI:an half ~c sky. Each iclcscope COnSLSISof a Iayerd sj-ndmuc mlcrosuwt”[urc

~M mumr. a curved mlcrochn.-.-lcipixe rkmcror. background-rcp.mg !_dmmand magncrs, and rcadouI CICCrrOIII:\
The mmxs wd! be umcd to 72 eV, 85 c~’, and ~f nr 107 c’J bands, chosen m SCICCIand dcsciec[ Intcrcs[lng IIIIL’

fcanms m k d.dfusc backgrotmd.

The gcomcmc area of r-h ALEXIS rclescopc wdl bc about 2S cm2, The UICSCOP. employ sphcrl:al mlm[v\
wuh tie :umed dcu.cmr at pnmc f~tu &IId arc Ilmlmd by sphcrlca.1 abmauon 10 ● resolumwt of atvlu[ () 5“
Assummg nommal rcflccuvmes, quantum cfficlcncy, and fihcr uansmlsslon, the 5cJ sw-vcy Scnsl[ivl[y WIII Iw
~vcral x 10-3 photons cm 2 s’1 for lrnc emmlt,n al me ccnlcr of s.hcbandpms.

~IXXIS is dcmgned 10 bc flown on a small au$rnornous paylod umcr (a minlsa[) dial could & launched from
any cxpcndatdc launch vchlclc, YTrc cxperrmtru wclghs “N) pounds, draws 40 waus, md products 10 khp [Jf dtII;I II
can lx flown In any low Earrh orbit. (Inhrxr.d dw SI( rag all~~w$qwm[]on nnd mnrkl,lg frwrl a sm~lr ~r~~unt!jI.IIIIJII
m lAM Alamos.
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2. OPTICAL DESIGN

2.1 Imaging Per furmancc

The dcvclopmem of Ia!ered synLhL’llL’mlcrostru’lures (LS\ls’ dhlu’s Lhc usc o! mwrd lnLl(.fCnCL’ op!I. . II, :!
uluasof[ X-ray region. P.LEXIS tics advanugc Of dlls possibJllly by using ~[’mp~. I, slrnpte, sInglL- rcII~., [: ;,

[c!esco~s. How~cr. he smglc-rcflccuon [CICSCUPCIS Ilmlled 10 fields of VICW of atxm I 40” (full w Id[t: WI*I !:.~.
consldcmblc sphcrlcaJ aber-raucm !None~clcss, II nffcrs Slmpll:l[y 01 &$$cmhly and fnbr]c~mm w wcli J~ hfi”

duoughpu[, enough 10 JUSLIf~ us chmcc IS tic isrsl ‘ ,S%1 cymcs Ior orblul appll(~uon
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3. MI(-ROCH iNNEL PLATE DETECTORS

By synrmcuy, the spher-d Kkcopes dewr *A abve hiwe a sphcncal foul surface: k tmhus (If tiI\ surt~.c I.
approxmiucly half tic mdlus of tic sphenc~ mmmr. The dcrrclor mus[ dc[crrnme I.he posllltm of UIUAJ(II1 X r.i.
and bums of ulmuofl X-rays r.hal arrive al dsIs su.rfJ(c, w ILh a ~)sluon rcsoluuun cr)mmcnwr:itc wIti 12 u) ? url,,.
ovcmplmg) the ZIUCOF pmnl-!qwid funcw’. WC plan 10 develop ad faonmc cumcd. wrtm’c mlcr(wh.iv”.’.
olme (MCP) dcwcmrs by smughtiomard mcxhficamrn of a srmb.rd planar dcmxor xheme (Slcgmund rl U1 1(~~”
TF,c MCP stack WIII conms[ of a pa.rr of pkmes wvrh 120.1 chanricl-length-wia.rne~ (12.5 WI channels) rdllt) [=1.!,
MC.-P WI1l be cumcd rn such J r~shli)n 10 afi(~~ huik.lwlxsck swklng of tic \lCP\, wi[h lhc fron[ surface hiiirng I!~l.
deslmd ralms of curvam.re. An mcdcn[ plmm will Inlerxl ~uh an wwc pho~~~h~~c ~ayer, prnh~hl> ~f~l :

deplkd on lhc from fklCP This m-cum NSUIIS In a phomelcrurm rha[ IS muluplwd by tic 51CP suck 10 \ I::.!
more tian I x 107 elecuon~ a[ die MO’ Oulpul The clrcuon cloud dnl Ls Over a 15 mn) gap and IS cOIILSLIc,i b. J
walge-ancf-smp anode. wkrc k mcldcnl charge M dvIdcd hetwcen d’trtx ●lexutMJcs(Smgrnund CI al 19NJ) The JrA\
of he wdgc and smp elamdes vary Imcarly in im.a *IW Lhe X and Y crmrdmiim$. rqnxuvcly. ThcRfoR k ch:ir::s
sIgnaf obscmd on dw wufgc and %mp, normithztxl h} dIs l~mn hy tic IOU] Incrdcn[ ct)m~c. RIVCS[he pO\IIIIm i If I!
charge cloud and hcrwc k Iocaulm of Wrclwlden[ phim)n

.UEx U [“-- WIU_hJ. Rwnmh Oclraor sch.~tIIL
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llm dcucmr front is cued wh a raduss of 7.0 cm m corrc.spend 10 WC fual plane of “he ~Thrr].al mmror l?w
c~ur dkarnescr is uiucal. In a pr-smc ftwus dcslg. me dcltimr musl nm obscure IM mnmr The rwlcr &w. IrIcr m!; :
rhus & mm.mmaf for a given Cffecu Weapermrc FIgurc 4 shows a SChefTIJI1. of Lh dcwcmr dcs]gnc<! !L) U\L” L. !

cu.rwed MCPS. The actiw cbancwr w’LIIhc 40 mm and tic oulcr cl.mncmr of be ~!~s IS ~h mm The dr[e:u’r h~!.
fabnaud “51ng ~unl~a c~r-nlc ~d ko\M b~d al Frlgh lcmp?rmurc, has an !WICr Chwne[er ]t’s~ Lhilrl Ch nln: :ln.! .I

Ienglh less Lhan 50 mm, mccung our rcqummcnl of mlnlmum ob~(wull,m Th,j [ypc O( ~onsu-u~uon I> u,:.,! IT

ulmi-high-vacuum umagc-tufx dcvlc~s, and ULH bc compauble WIti vacuun, and Lleanlmess reqr.uremcn[> ft’r J:
uluasoft X-my detector. DcvIccs of a slmlla.r dcslgn haw hccn bull[ for tic FAI” ST (Dchwcng fr ,J,’ 1’, - ,
progsam, and * have vshti scwd wbrauon Iexs and a rmkc: pa~mad launch

For adequate mpu[ 10 tic front-end elezcromcs, a hlCP ga.m m excess 01 1 x 107 WII1 be requm,i. w,:!. .;

rclauvely ~w pulse hcighl cf.sscriburmr Background raks mus[ be below I cvcn[ cm 2 See”] so m no[ Kroicrl..!.:
tic rclcmcwy, and 10 allow good signal-[o-nolsc In mcasurcmcnL~ of r-he d] ffusc bisckgrrund In rhL’ [’CR S~:
progmrn, we nrmmdly usc a suck of 3 80 I lcn~lh.’dmm.c[cr rauo [L/D) back [o-track \lCP\ [[~ a(t:lc~c [!::.
chamctensucs. However, SUICChis schcmc WOUM rcsuh m mm uwrfaces kwcen curved sti”accs, N mircmc~ [!LI
Po$mbdilv of gain vti~ons due 10 Psslble rnlcrpla[c gaps. Wc have Ihercforc chown a parr of Luck -m. ba. ti 3!(’i’
each wlrh a 120:1 L/D saho Ths ~hcmc (Tmcr cl al 19831 has workrxl [or flai MCP such and gI\cs :~]n w.,:
PUIW height dismbur-son Prfommarrcc CIOSCLOhat of tic d’uw MCP configur~[]on W’c havr also cvfilu~[c.i ~l(-i’
sucks m’1~ lhIs con figuraKlon kivlng a f~ cm mdlus of Cunalurc and fL)UrId Lhcm [0 bc saLL.\f~clilry I SILmivIiir,.:

1988). Y%c MCP channels will & Pcrpcndlcula.r w die surface of tic frorr[ pla:c and Iwrsed al 1Y In the sc~(mt! 1 II
m-t ltrc background rquwcmcnl, rcsldual radIoacuv IIy m tic 51CP glass rnus( Ix mlnlmal. me \lCP ~l~i{ mu. I k
rubldum-fru bu[ misy conurn pou\s Ium (.SwgmunJ fI J; l(WF, I

Bouhx of rhc rcquiscd s’andard SICP rrwena.1 w’111bc pr~urcd, and rhILh SIICCSticn from Lhcm Their SII. r.
WI]] tien bc ground m ~c corrcx[ radius of uun’a[urc, Pollihcd, ●II.-kd 10 oprn he %10 channels. anJ [hc lIIi.I
proccssmg sscps pcrfcwmcd The exacl surface cumalurcs arc such lha[ r-hec=nwrs of tic \lCPs u III [(ML h u ht.
suckul. Then, when rhc .McPs are clamped mm PIXC, tic edges of *C plalcs *III JIso come mm conu,t. WC h~l,
prcv~ously canploycd lhis uhmquc. and shown rhal II s eflccuvc in avoldmg gaps bc[wccn tic Nl(-P\ [hti[ WI~u:.:
cause ga.rn v-ens (Smgmund Iol$h ~



4. BACK(, ROL’SD CON SIDER.ATI()\S

Backgrounds m the AIZXIS dcucmrs can coMc from scauercd sunllgh!, ccr$mli ra} and r-mppd pan:. 1,’s...,: :
mmrrslc rachoacuw[y These backgrounds mus[ be m]mmizcd 10 nol smumc me lelemcv and opur-wc sm.. ,~,’.::
The paruclc Ixack&!ound rs mlnunxd by Wreulcwcrpc gromct~. sm(e r-hereare no sualgh[-l:ne vacuum p::!’. I, ::
dckmr fmrn oursldc tic spacmafL llc aperture IS rcsmcuul and c-anIX covcrd b} magn<b. 17clchrh[ su cc;’ .IA J.
chxuons. Stxmrcd sunllgh[ u rcJccwf by drc mmor ant fdwrs. Lnmrnslc md]owuvlly IS inuumlzcd by pr.1~: ~h, :.~
of dcuxtor mamds (m above).

Low-cnqy cluuons arc tic mos[ numerous of background -prmfu(lng agcn[s In low canh orhl[ {1.F( ) I m,!
geosynchronous orbi[ (GEC): ALEXIS wrll fly m LEO buI IS dcwgned 10 rejw[ cleicron bxkgroundi In h)lh orhl[..
In an ALEXIS ukxpc, a low-energy eleccron commg dwough r.hc apcm.rc musl scal[cr or produce seCOniklL’.

before II can mrcriwl WIdI IJ’ICdeleaor. Electrons mcldcn[ on rhc mmror crtiIc se~ondq pho[ons, mwni! SI K.(I
(1.8 kev), SI L-lmcs (0.@J kc~’), Mo L-hncs (2.5 - 2.9 kc V), and Mo M-hnes 104 -0.5 kev]. ~“hc hlghcr Ih:
pholcrn energy, the grc.mcr tic deplh rmo he muror from which sccon~ rachamm can cxape. Beyond some Lfcp!!
fluorcscem scmrdancs arc rrabsorbcd before Wy carr cscapc rhc minor. In[cgratmn of elen.ron cncrgJ 1~1..
srxondq producuon. and seconc@ mdIalIvc uansfcr over our Mo-SI l-$tl mmor and qwtz 5UIISUZI[Csh(m ~ Ih.1:
for an mcldcnl eleamr ~umm [>lncal for GE(I (.Fnrz c1 al 1977 ). mosl background counLi ansc lrmn clwtr(m\ I:

tic range 5 kef’ LO50 kev. lf Lhe GEO clccuon specr.ru’n passed unmrpcd rhrough tic apenurc, tic b~L”kFri)l!ll. !

mu wou!d tx abut 50 cmmrs s“’ from SI K-a a.lone. N1o L-lmcs acccrum for shout 1/4 as man), and \l~I \l lI:,i.

ahrm l/lfl x many background courmi m SI K-a Thcrcfc~re, tic.se clecr-rom canno[ be allowed m smkc rhc mIrr F
Phoron xondanm from poron and alpfM pa.rmclclmp~~ on Llc muror produ~c ne~llgltdc hirikground LLwnLs

Fonunmclv, Iow+ncrgy electrons can bc rcJec[ul cll IcIcIIdy h} magncuc fIcld\ al [hc apcnurc f:ir Irt)nl I!,’
muror Kslogauss f_lelds are ob~cd wIti an drrangcmcn[ of p-ma.ncn[ magncw, such dIM fwld IS conticnm[ci! I:
tic apcr[urc whllc rcmammg less dra.n a gauss a fcw mchcs iiua> (dIc dnf[ rcgl(m hc[wccn !il(-l’ an,! imi~,!~ i
cxuemcl} scnsmvc to Way ficldx concclvahly, spxecmll atmudc could lx pemrhuf by ma~ncuc ulrquc~ alMI I \l ~.
bcl Ievc a drm. eigh[-plea quad.ru@c magm around the a~nurc wmtr a htgh-~rrn~trill[y d]U in [!IC (oc.uIIc,!
cenwr of rhc npcrlurc will prcrvldc sufflclen[ field. Suay fIclds arc mmlmr.zed If r.hc di@c mrrmcnls of rhc c,~;I:
msgncf puxcs ~cl m high pursion, Fnngc fulds on k rnrvr plane of rhc qudru@c can hc “clarn~d”” w IIJ1b
Lh]n mu-mc~ shlcld, and k dctatcx rmmm wdl be shlckfcd by a mu-me L ] can This armngcmtn[ rclcL”mclcc[riv

d 300 kcV and JW m &flats drcm mm LCICMWPCballlc~ far fru, 1 k rmtTL-.

h



Earrh’s shadow, is also a paenha.1 background swce. bu[ dlc Io* mum reflccl]~lu f.:ee secucm cm LS\ls I kct’;’
ti]s conmbuuon LOLhe background under COnr.rol.

5. FRONT-END ELECTRONICS WITH HIGH D}”% A\ll(: RA?~GE

The front-end electronics musl =nse and mLICI rhe wedge, strip. and zigzag signals 10 yield tie poslui’n t!:
pho[ons and burss of photons al Ltre IYonl of tie micr~hannel plate. This must k done over a dynamic range 01

1~, ranging from single pho[on even~ Lha[ ylcld 107 elecwons on tie anode, 10 burs[ even~ UiaI yield I (1: :
clcztrons. In uch case. Posluons are calculated wa tic formulae x= QwI(Qw + us ‘Qz~ and Y = Q.s!iQ\i + <’.
+Qz). ~hcrc W. Qs. ~d Qz tie me Chwe Collecledh me ~erl?~. SUIF. ~d zl~-z3F anodes. re$v~u~~l) ~
accumel} ratm evems over such an exuemc m.ngc requues a unrquc low-nose hom.cnd des]gn.

To properly sample d’re lelescope Pom[-sprmd funcutm. Me rcqum a .spual resoluuon of 1. 12S over r.he40 r-r’::

field-of-mew (tius -300 pm lWW.!!f’J. Nler LrngI.IIISrquuemcm tics an ND converter wilh a dynarmc range [~f I I‘:
x ~ x ]Z8 (-~~ blu); be fxlor of 3 IS Included [o cover tic vamuon of Lhe charge muos over rhe surface of tiL’

wedge -and-smF anode. The prearnpbfler must be wldc-bnd 10 mmch der.ec[or rise rimes of 1 nscc. In order LOco\cr

ths large dynamic range WIIJI a modest A/D converter (12-bit). Lhe range is SPIII qually into [WO ranges (1(~)~
chffcren[ in scnsiuvl[> I by sw’llchinF [he gain al rhc prcampllficr. Bm.h Lhe lower and upper mnge WI]] gI\r .I

dj’name mnge JUS1o’*’u lC?, W’IIJIIhe lower range mvenng ●vmm from mod.id (107 e-) 10240 umes modid

6. DATA HANDLING A%D F’t’E%T POSITION CALCULATI()%

The ALEXIS payload dau proccsslnp unll (DPL’) M a muluprocessor sys[cm du[ includes four 17(K-S’
mlcrmwoccssors, organlzul as show-n m Figure 5. The DPL has tie mk of calcu!i~ung cven[ prrsl[]cm~ from [hi’
chglu;ed wedge, SUT, and zIg-7.Lrg mock signal>, and processing evcnl dau (for exmplc. compressing [M cicr:[
smmr ) txforc u IS scm m Lfu Ulememy smarn.

From die pouu of view of me DPL’, tie ALEXIS p~ylwd IS seen as Lhrex ldmrucid klescope pair urills E.I. !
lclesco~ pwr M assuclaud WILFI analog clmronlcs. an WC-! 1 microconuollcr. an rndependenl 8(K2hS prtwt>w!r
syslem. and high and low voltage pwcr suppl]f!s. These hrw dclrxlor and bur processing unl~ arc govcm(’d b) J
[ourlh 8CCMI praesrrg system Lhal acLsas Lhepayload dar.a hand.lcr, performs dAU compression, deluls and corm L.
errors. artur.rams rasks, and m[crfarfi m W spacecral[ elccursnlcs The four processing sys[cms communlcmr u I(I1
each o[he: over a global dau bus using a shared EIOM memory A duJ1-por[ mcm(v> allf.~ui tuo-u:,l
cornmunlcaLron hween Lhe pa> load system and Lhe spw’ccrafl’s mdc~~llden[ proccssln R syslc,m (lhc SpaL’CL’TJ!:

prmxss!ng syswm ah conuuns al leas[ one mlcroprwewsr, bmglng W IOULInumber of on-h~ard ml~roprt~riit!r,
and mlcrocontroflers to as 1-1 elghL )

Wl~m each Lelescope pa.u unit, tie flfK51 acqulrcs rhrce cha.nncli of dcwc[(?r dalir (wrdge, smip. and zIg /.I!’
ampl.rmdc) fcx each phcsum even[ 1[ hen records tic umc of each even[. ;~izks tic dau Inlo a mmsugc md wamnll[.
L%em=gc @]y m IIS ddscaled 8~6 prrmxssrrr The HK5 I alsrr ~nodicafly ga[l)crs housekeeping &ru, pJLk.
IJLcse&u mIcr a mcwage. and uansrmts rhs mcsqy m uell
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All hardware is r’dhon tolcmm [o 10 krad (Si) mmsrnum, consismnl witi a I-yew hic In an} low Extil [~rtl][
O( up m 4CKInm ahude. Hardware IS also pro[ec[ut agams[ single even[ upse[ (SE~) Ia[chup. Ex[cnslve pro[ccuun
agtinsl single evau upsc[ m ‘:he memonti and pimessors IS kmg ckgned mm tmh hardware and sof’lwarr.

7. COMPATIBILITY W’ITII MI%lSAT CARRIER: EXPF:RIT$l F%”l” EX1’E1l.OPE

Figwe 6 shows the ALEXIS experimen[ pmkcd in a 21” x 22,5”’ dmmctcr cylindc~, slzcd for a mmm[me .ILclllIt’
Ihal could be bunched as a paural payload tiy a Scou[ or Pegasus expndablc fmcrs~r, ALEXIS sucwhcs Lhcellw-l(l[um
of pasl mimimur WICIIJ- \_Fleewr lYEN). hy exwnchng dw requmcnlear.s I(>r power, do~] s[t)mgc. and lrlcmrtr~ In .!!]
evoluuona.ry way.

To suppon tile ALEXIS cxpenmcn[. tic mlmwclll[c lm~ mus[ pr(]~’ld(. [hr fi~ll[m Ing rcwlurcri

● 100”~md Pi@Xd capblluy
.40 waas of unrf Rulwrd I 8 V ~}wcr
- ](I kdoblLs/sec lelcmclry, mbl[ avcrapcd
o I(M kdofmuk.ec mtcrkr frm-ncxperu’nrr,l Ii) spacm MII
= A-[ wlvca~le LO 1/4” (wors[ c.asc)
● Spmnmg al I .2 rpm, cxpmmcnl an[l Sun p(llrllr(l
- (~ar.ron from a sm#c ground su[l(m iII I (I\ A1.IHII I\

]()



mossey photo

enclosd

Figure 6. ALEXIS experiment mockup. Onlvowtelcscont i~silownfnr carh pair. Thetxpcriwlcnl.~~;nclrl.\
is verricalin [?ri~modcl,

Tk telemetry requirement is most -ily mc! by a store and dump system. Continuous data are stored in an on
board memo~ of 0.75 gigabit (slat.ic RAM), Ihen dumped in passes over an expmimer,mr grrrund stminn. For typilnt
orbit coverage, the tclemcuy downlink mus[ be of rmlcr 0.75 Mcgabitiscc.

8. GROUND SUPPORT lIARD!f’ARE AND SOFTWAltlt

Thc phihwophy of low COS[ “Chcilp-s~t” technology carr Ics crvcr [o [hc Ground SupI. n-r I:quilwlcnl (( ;S1 ).
ground swhm, md diuii analysis syslcm for lhc ALF.XIS proJcct. Pruviding one’s own gm.r,”j sramm nml mudv\lI.
capahili[y rcpmwrms a significant cost savings rrvcr 4hc usc of grwcmmcm m commcrr inl spncc trucking scrwcc \ I ~\
.slmnng m many cnmponenls as possihlc trclwrcn tic CiSE and tic wound stnmm as WC]] as by ad:q)[ln~ cxi~llil}:
software packaf!cs for wmc of lhc daLl

II
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8.1 Ground Support Equipment (G SE)

“I_hegm,rnd suppon quipmem wiU undergo a scnes of r.ransforrnamms as lnsrnrment devclqrmcnt pr(~gm<.c~.
from indiwdual box ml LOfull sys!em mwgmunn and I_Jmj.[crpemuons. Flgurc 7 shows be CSE as con!igurc,! ti$r
fllgh[ apcrations.

As dcscribf preciously, a pair of Mescope-s will sbre an elaromcs module contini.ng a micrcuomrollm. Thr
w.rne Sun Sricntiflc workstar-ron WLU be used for all pham of ground ml and fhgh[ opemt.ron’;. When a telc.w(]pc Ii

being cal~bsalcd in he labofaloq’, il will Conlmrmi=te via shc mirmconcrollcr’s serm.1dam link LOa VhfE-bus lxrwd
single board compumr (OIC). The olc will perform lhc usk of ac~uall~ c~llccllng dam from tie lClC~~~yI~-,
formiuting dw data she way it will apptar in she Lelemecry sr.rcmr. aid passing II vm an c~emc[ Ilnk 10 (hc SUII

work ;bs.ion. During imegrated ground tes~ or actual Illgh[ opcmuons, tclcmewy is trmrsfcmcd m [hc Sun
worbuation wa eticmet. Using an mdusn smdard m[crl’xr lIkc TCPAP cdwmc[ reduces tic COS[of Jsscmbl Iri.c
~JpPrt rnoduh d~e m LIIeavadabilsty of compatible oif-d’ie.shelfqr.npmenl and componerm.

The analysis sofIware in Use Sun workuat.ion WIII be independcm of tic dau source. Pmmorrs 01 (hc
analysis procedures on dw Sun workstation WIII utilize rhc IRAF dam analysls sywcm supponcd by lhc N~[ltm:ll
Opud Aw.rorwmy Obscmaurri=. llIs package IS a gcncrd purpose r.rmgc and dau analysls syslcm WIti a L’XIX
like user irrtcrfacc. Custom wr programs can be amly imcgrmcd into be sys:em. Bwausc IRAF runs on mwry
d,if[crcn[ computer archue.ctures, high Itvel analysls of ALEXIS dara WIII be avmlahlc at seven] locar~on$, WC Jrc
ako using ~e software package MUNGO wmucn by John Tonry at MIT (or graphics displays, Bwh of [hmc
packages arc inexpensive compared wiltr commerctilly available so[twarc \ ‘Ih similar capabdltlcs. They ~rc
espceizdly cheap when compared wir.h she COSISof wrung slmll.ar cm.ic fcwourselves, The wf[ware for rhe OIC used
10 UOIICC1dam from lhe lekscoFG m the lalurrmory IS K) be w’nncn In C under a (%1X .hkc opermmg SYSICMLcmcl
Programs for hc OIC WIII hc wriucn on dre Sun and hcn dl~wnltmlcd VIJ ihc c[hcrncl Ilnk This WIII all(w u~
relauvcly rapid wflwwe dcvelo~cm for tie olt..

Fhghl cqmrations will be run 4wcc~y from IJM Alam(l\, using our own uauklng dish, an RF smron prcrwdcli lI\
*C SaLCllIIC vendor. and workmtmns prmvldcd by Sand U and [m Alwnos WC ticrcforc hzvc no requtrcmcn[ fl\I
TDRSS or rsacklllg nclwmk SCWICCSSoflwirm for saIcll IIr [rm’king wIII M provldcd h) lhc saull IIc vendor, wdlu ilrc

ICI nl miuw hou.sckecpng rhr.a, grab rhc rlma sr.rr;ml, and gcncrmr comnmnd~ WIII k provldcd b) !&srrdlii, ~rld d.IIJ
wqulsumn and analyus soflwwc WIII K prowrkd hy 1.1)sAIJnul%

During fhght cqrcmtions, a PC-basetl GSE prowdcd hy Ihc saicllIIc vcmh~ WIII trick ALEXIS WIII1 u 46 mt”w
thsh during a pass and rransmu comrnunds. Inwral opcrwmns of the spxrxrai I, x II IS configured for rxfwrlrncnl
lmr.on, WIII be cmtrollcd by Urc WICIIIU vtmdrw When rhc cqwrrmcnt doors arc qrncd, cqxmuons will bc hwulcd
rrvcr 10 II-M A!arnos. Commands WIII he gcncm[cd an(l rhctktd m [he I.OS Almms Eround fulh!y, ticn upllnhc(l II>

dir spacm’rafl. In CWly cqmramwrs, Los A1amos WII1 provldc ?4 ,~our suppm of ~r(mnd p~sscs, Ialcrm wc h(qw III
m.rmmatc Ihc ~css by storing commands and prc-progrnmmlng dara ~qulsllmn. (JCTVSS1.. will suppnrr (I IXIII
opcrilll(m$ JS reqilircd ptr thi Ir Iok in prnvdlng dclc L[ors, In p~li.ul.w, [hey WIII I-ICprcsrn[ m lhc gr(ll]rl,l \I.111,111
during wmal msmumrnl mm on I?mlr r(llc In :hr (mg(llllg II I!: IIIdJIJ ()~rrnliim~ I\ drI.IIlt’il hrlIIU
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8.3 Data Anmlysis Software

The analysis of ALEXIS cbra will be paucmed aflcr Lhe EWE End-~-End Sysrcm \lIES), lw’lng dclrlt~pc,: J:
UCB. The ALEXIS amysrs soft~arc WLV produce d.rffusc background maps a-- well M unlogs WIL1 Ilghl mmc~ ti~r
sources in k ALEXIS dau base. The da~ flows from a =(clllte-spdic fronl cnd dMI WIVCS wipcc I. corTIpHIi.\
UTC umes. COMXI.S for dcuxlor dlsloruons and assigns the resul~ 10 mdiwdual phwon evcnLs m tie [clcnll.:r\

scream (- Figure 8). Ftier reducuon will bC hmlkd widr Soflware mulled m hc fRAF (Image Rerh.rcmm wit!
Analysis Facility, developed by NOAO al Ki: Peak Nauonal Obscnatory), The unique sawlliw-s~ific d[~;lrL’

WIII & dcvelopd at Los Alamos, whdc dsc IRAF analysls ror.mnes will be developed al UCB in consul ullon u IIh
Los Alamos as pan of r.he EWE EES program. For cxamplc, mc~ods for dctecr.ing and measuring poin[ sour(cs
and timing analysis wdl be installed in lRAF. A dala base sys[cm will also be developed m minlmlzc r.hc [lmr

mquud m access rafuced dara on a given pomon (rf ~c sk} NIJPS of drffusc sky cmissmn in tic dlffcrcni [clc~(opc
bands wlfl ako k suired and anaf}7ed WIdrUI IRAF.

9. SCIENTIFIC OIIJECTIVES ANI) SENSITIVITY

9.1. The Value of an Emission Line survey

A.LEXIS is aimed squa.rely al mapping drc sky md rncnl[oring pmn[ sources in ccruin wrong emlsslim Iirlt,
Iu cornbirmon of narrow-band ufrmofl X-ray spemal response and roughly 1-degr- spar-d rcsoluuon hiss nc~ c1
&en flown as ● sky swwcy msuumcm.

Historically, sptxcro=opy has been she prime tool fur .emotc d.iagnosls of plasmas, providing me.asurcmcn[ (JI
tempcrmurc, dcnsily, and clemcnud abundmcs for sources at grea[ dlsrancc Before s[cllar spcct.rnscop!” w;!.

dcvclopcd. for example, N W2S the’#@~ Lha: the compwtmn of sr.ars would never be known. Afmrwwd\,
astrophysics could bc~m as a scicncc. CMJUlrVc prism sr.wcys Iurckly showed SPCW. of hundreds of sr.m Sp E;II
clmslficauon Syssems kdluwcd, while the Comfrmuon of ssars, along wuh many orhcr rcvclamms, was CIUUld.l[L’$]

by spcccrophaomcs.ry of ever-mcmasmg sophlsuca[ron. Exciting objecLs, such SS 433. have br~n found In
emission-fine smeys in tic opLIca! band. Specuo.scopy of she gas he[wecn s.hcslam has tin cq’mlly rcwwdiily
Pho[ogmphy of lhc sky houfzh highly selective interference fillers (c,g Pwkcr, Gull, and Klrshncr 1~)7’JJh.li
prcxhwed rhrnabc tiEcs of fi.liunenmr, mr.rcturcs of supernova rcmnanrs tonne.ctcd over many dcgrcrs.

Specsmphotomctry in she X-my band him been rewarding In rhr early years of X-ray asmrrmmy, scver:d I\IN.\ (1!
sources were d’mughl 10 gcncrale )(-rays rhrough nC)n~cn’tlfil processes assocmed wl[h cosmic rays, hO[lL” nloil~.l\

were cr~led 10 expkurr X-my cmlsslon from supcmovti rcmnan Lsand cluslcrs of gali.xlrs, Thesr n)txiclf h:ltl 10 Iw
dwn.rdcd aft~ strong, narrow a[omic emmswn hncs were found m thclr speum, fwm cvdcncc rhm IJw cnll$iltl[l
mechanism was l.hcrmaf emmon from hot plasmas.

The diffu!u SIfL X-ray kkground IS cx~ted m show a highly smw lured line spectrum. Thermal cmlssmn Irrml
a hoi plasma is tic favord hypothrslf, rm[ duc m dl.scoveq of narrow cniissmn Imcs, truI duc u) ihc cllrnlnwl[~rl {JI
OUWX Posshle orlglns, There M onc r)h.scrvahorr to date of oxygen Ilnc ernlssmrr from AC dlf!usr bck~rourstl,
apparently from mlerslellar gas (Inoue c1 al. 1~79), bu[ lhc lhcrrnal nalurc of the emlssltm rrmtiln~ II) h{’
conclusively pwen.



The sun is a brigh[ source of cmmon Ilncs In tic A.LEXIS bands. In pwuculu, pho[ogr~ph> of dIL”sun If] .I
bandpas similar 10 k ALEXIS 72-e~ band have been oh~mncd rcccntly on P rockcI Illghl (Valkci eI JI I14si
Adding up lhe lola.1 m[cnsily of va.nous lrncs, il turns OU1Lt?al ALEXIS can only de[ec[ tic Sun’s ct-,roru L)UI Ii) 2 P

However, many surs are h more ane tian w sun, and ~e cxpa[ IO obsemc many cxmsoh coronal $ys[cm~

In summary, ALEXIS, by mappmg tic sky m wveral narrow cmlss]on lme bands, WIU have a uruquc capJtl]ll[!
to idcntiy poi.m sources wi~ strong dIcrrnal cmmon and map the d] fTusc ulmsoft X-ray bukground.
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Once an opumlzed filler has Ixcn chosen. r-h sensluvi[y of [hc trrcc ALE:<IS bands CM be calculJIcd pI\CII [)1,
back round ra[cs, Lhe cxpmu.re ume and d-rc lnsmurncn[ ti.roughpu[

h

The “su~wmm’ filler dcslgn (’tix~n l],~r~~rl

2MK) lW)A thlckncss: Alumlnum/Carbon - 1500~fX).~ Lhlcbrcss) ,gIvcs tic fL)llOWlng nlgh[ sky b~(k.gri)~lr~,!
ra~s: 31 CWW m tie 72cV band (domuuued by WA flux), and 10 c~sec In tic 85 and 107c V bands (domln:l[c[!
by delector background). Thmc rates do nol lncludc d’rccoun~$ duc IO tic diffuse SO(1x-my background (SYRI) I dMI
ALEXIS has been designed 10 mem.urc. For cxiwnplc. ~c 72c L’ band courrl ralc would lncrc~w [0 S() CL$\L” L II jl;

tic SXRB mcasu.rcd by previous cxpcnmcnL\ were duc [o tic Fe \’11-X !Inc clu~[cr al 72c\’ TI~Is UOLI], ! /.,s

considered a bes[ case for masurcmen( of trc SXRR or hc worst case for drc ~ln[ source scn~lu~it] caltiuI;i[ItIrl III
the followlng calculouons of poln[ sou.rcc senslu~rly w,: h~vc MSUML’L! [hat [hc SXRB d(wj n[~l Llorl;lr).i[( [)~,
Ielcscopc backgrounds, bui wc IU\e ttcn Conscn’ausr m ow esumulc of gc(x’(mm~l b~rkgr(mnd, mmr[~r rL’f](’. II. I:.
and ulwopc unaging
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consldcr rhc scnsl[lvl[y numiwr$ above a consrr.’~livc esnmale, and expcc[ r-ha[ lhcy UIII
fdlcr and mirmr design of MEXIS.

9.3 SOfI X-Ray Background und Old Supernova Remnants

mprovc Is UC reline lh~>

The sof[ Xmy background (S XRf3) cmlssmn (70-250 ev) IS tioughl m orrgln~w In a -106 K plasm:) LIIJL f]l!
tie local In[ers[cllar medium. Figure 11 shows a map ol tie SXRB m tic Fl bund (130-188 eV) m zero ccn[~rl,!
gafacuc coordinates (hlcCarnmon er nl 1983). Equll]hnum emission models of an optically drin, milllon-dcgrc,
plasma WHJI nomrxa.1cosm]c elemcm.a.l ubundanccs predrc[ h.a[ 34~c of tic a[om]c calling power comes from a SC[ot
closely-spaced !Inm around 72 eV from Fc VIII, Fe IX, and Fc X RxLr~r-ron from Lhesc hnes ]n dre SXRB hm yc( [~j
bc una.rrrblguously measured. Ilesc hnes should have domlrrawd m~suremen~ of he SXRB in tie Fe bmd (70- I 10
eV; w BINh cl al 19S6), bu[ pulse -helgh[ arral}sls of i.hc Be bwsd &u yelds ~ mean energy which IS incomp.]~lt)lc
WIL!I m[en.sc 72 eV em]sslon (Bloch 19S8,, The flux from tie Fe hrres mus[ hc rcduccd by approxm~~tcl} a lac[[~r (~t
10 wIlh rcspMxI [o tic resl of Lhe SXRB spccuum wllhm Lhc Bc band k) make tic model spccma ~om[)~[lblL” UIII) [h~
obwved pulse helgh[ dsmbuuon. One w’3! rh[ rhc broaJ band 13c, B (130.188 cY’), and C (160-2X4 cV) hand r~[ci
can bc reconcdal wnh tie Be band pulse.helgh[ dlsmbuuon M m use a plasma emlsslon mcmkl wIti dcplc[cd hca\\
element abundances, as exrm in tie neuual comporrcm of Lhe rrrurstellw medium Such a sl[ua[]on mlgh[ arl~r I!
W hot plasma was formed by heating COOIg~s ~Jl conmned tlusl. If LhedLi[ hm not ycI been cva~riswd by tic II(II
componcn[. Tbc dcplcuon of Fe and otier rcfraclrwy CICmCnLSh~s conslderahlc effcx[ on tic coollr)g pt)ucr ill

m[cm[~.llw gzs, Dcplc[cd gas is nearly an order (It rnagnl[udc lc$~ c!lrLII\c In rwiu[lng 1~} hc~r d[ 1(~(’ Ii, u 1111 ,1

corresponding unpac[ on tic Infcrrd dcnsl[y of tie ho[ Inw.rs[cllti mcd]um

A dlrcc[ mcasuremen[ of rhc flu I In Lhe 72 c\’ Fc Ilncs woIJld provldc an II”IIpI)r_rJIIIdlisgno~uc L)I [hr 1)()[ lot ,1;
m[ms[c!l~ medlunl, The A1.E.XIS (clcscopes would bc [unrd (() 72, R\, and 107 eV 10 mup tic Fc VIli. X clu\[cr,

0 \’1 (82.6 cV), ASIdNc \’11 (I(M.25 eV) / O V1 (107 07 c\’), rcspccuvc]y C[)un[\ In [hc 72 ck’ ban~ip,i~j w(~lll,l

mngc from a fcw [u I(N c{)unt.j su ‘1 ~r Iclc,scope, dclwndlng or, [hc comp~sl[l(m and [empcr~[urc (If [hc SIRI{
gas W’IdI L)ICnamow rcspm. sc o! dwse bisndi ~-517 AI :1 ), W: flux m UIc.w Iln?$ could bc unumhlgllously mco,~]re~!

A.fler onc y- of otmervamms. wc expecl 10 achlevc ‘~u sensl:lvlui-s O( 2-6 pho[ons cm 2 sr 1 sec I on n 1“ W.IIC
These maps WIII far exced pmvlous map of lhr SNkil In unyular rc.scrlu[mr (prevm.rsly 1°) and spwcral WICLII\I’ \

@rCVIIXSIY AFfl~- I J F~~rexam@c, FKC~IOUSm~p~ h~$e tMLl res~)lLl[l~~rl~Of {“ m lhr C-hand, 6“ m d-ICII hJIl,!, I $ I I
tic Be-band. and do nol CXIS[ at lower cncrglcs From L!ICAI.FXIS IIIiIpS, orrc UIII bc Jhlc u) rcs(~lvr prrili,w.1~ III
dcfrnd fra[urcs such as a pIOMIblC connccti{m hcIwcrn IIIC N~m)l P(!l;ir Spur ~;i ncmhy nlJ sIllwrn(}va rcmnwll ‘ I .111!
~c It)(al buhhlc, In c(mlbina[lon wl[h rnultl u;lvrlcngth d.i~.l fr(lnl (~tht’1 lnj[r~lrl]r;][f ~il~h ds [hc [) II Iuv. S r
Specuomelrr rx~nlncnl wc hope to gain a beurr uni!cr~~;mdlng t)! [hc dyn;lmll~, hli[~n) nnd L,~rrIpo~IIIOII of IIjC II, :
cormprmcrll of lhc I(Md] 1S81
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cf all specuaf sypa (wi* tie possible exccpuon of A SWS ~d soFrgmL~) arc SOII .Y.rti> cmillers (31J~JliI t’: .:,

1987; Schmit( cl al. 1985: Golub c1 al. 19R3, Rosncr fl al. lq~l ) Of tie scrcndlpllou> souriei dL’lL”.:L’i!b.
EXOSAT. 75% wmc stars (Giomml, Taghafem, and Angclml 19tlXJ

Emirnxes show that there arc 4500 main sequence sw~ of spcLrrd [Ypes F, G, K. and %1OUI u) J ilJ~Lm.L ,,!
25 PC (Allen 1973). Given tie lyplcal sof[ X-my Iummoslucs of tiesc mrs and tic sensluvl:.:cs of !hr ,~.11 \I\
CICWUXS ALEXIS will be able to observe cool wars OUI [o - i5 pc. Bascd up.m ticsc numbers, wc prcdl.: dl~l .{ IL*IX

humirul mum *quenm sus as well as -1 D 5 narby RS CVn Dr s~ *III h LICIIr:[d m IYICALEXIS iur,~”!

Early Type Susrs: Early iypc slam arc anotier elms of Gafacuc ObJCCLS whl~h CrrIII uluwL)fI S r~}~ ,1 !II .
and Whlu 19f10). There arc a Iargc numbcrof n~h; U and B l)P sum which MIH h dc[ecuble WIIJI AI 1..Kl\ .:I. :
as LIU brrght sm a VU, ~ Cen, u h, and a And. Of tie 380 stars de[cc[ed scrcndlplm,rsly wwh EXt)SA”l , lh~’
vast maJmity west early type stars (Gmmmi, Tagllafcm, and Angchnl 19HH);fully 200 alone were 9 ~ulr~ l’tl,”

EXOSAT insuurnents did have sub.aru.ral pomsns of l.hcr.r bandpass m ~c X-ray rcgmn (~ 25(4 \’ I, M) [h,
dewted flux from early type may be largely duc m X-my emission, But tie sheer numbers of 0. II ~nd A \I.11

found try EXOSAT sLrongly SUggCSLS lJ’iaI ALEXIS wdl dc[cc[ many of IJWW [)bJCL’[!; By cmnpanng [t,,
mamuuJ fluxes wssh UV and cqmd data. posslblc mc~hanssms for she cmlssm can bc d~cmcd

Currcnlly, km arc Iwo u)mpelrng models for lhc sofl X ray emission from earl) [yfw slms: rJre “cortmtil d.i!~”
model and she ‘shocked wind”’ model. The fm’orrd shlxked wncf model pMIuJw.Ji titiI hm shocks arc ~:cmr,~!(’~1III
radmrvely driven wmdx IJSeshccks Lhcn product drc ohsmed SO!l X-ray ernssmn. In tic coronal ~lirb PIL’IUK. S

rays emmd al tic base of tic Nellar wind Ionuc malcrusl In Ihc wmd m prmtuce tic sotl .l .rdys Mcasurrmcnl\ (I!
drc SO!I X-ray fluxes from early type sw wlti ALEXIS will hc beneficial In hc!pmg u) i,hslmgulsh tw[wcen Iht.w
two scenarios, h WIN also uIriIrea LJydemrmnc somd of tic pararrrclers m *C mmfcl, bwx,f upon tile measure,!
fluxfs from car:y-fypc stars.

The large field of mew of tic ALEXIS dcurmrs anr.t the rapw spm rdw of tfie satelluc mcarl Ih.11 II UIII IN”AI,
exccllcnt mommr 01 sudden fla.nng M-OVNY on ncs.rby sins. Bccausc of the IIrnucd dim cunent!~ tiva]l~hlr, III(.
expcclul fluxes and flare ram in he scrfl X. ray rtglme arc not known Basaf upon lhc flare rmcs de[errnlnril b\
Connors, Scrllmltsos. and Swank (l WMj, thnugh, ard the scnsl[lvl[le!. nl thr A1.IXIS tOlc\copr\, Ii (“uI) Iv.
eslmsld Lhal ALEXIS will dclul belwcen H and 25 skllw flares from ncwhv sum during a hrmmlh %urvry ‘l”h(’
acn.ral number Of flares dekmx.t by ALEXIS WIII allow n much trwcr drm II IIUIII:Il (d WC flrrr ruw .lIvr ItwIIIm 11111’
N log S) us mc W)!I X ray prmorr of tic spectrum.



cxci~urm of neutrals by magnc[osphcnc clccwon~ To dale, [he mosl hlghl) mnlzal .SPCCIMohsrmcd MC s !1” J: !
0 Ill a[ energlcs of 47cV and 55e\’, respwuvely, HouevM, ~crc arc several bngh[ cmwwm Ilnci whl~!l ,(uJ!,I l)

dcla~blc by ALEXIS In paruculw. rhr cmL$slon Ilne> of O V ( i-- -.\. 19?:{) and O VI (173:4, 150tI Jrr \,,. !,.

fca[uJcs which should he obscmahlc lf tic dcnslues of rhcsc mns In IJ’JCmrus is grco[tr tian a Icw ItvI\ . r:, ‘
&uJJd modeling of Lhe ]0 LOJUSsugges~ Lhal durrng Lhc \’OyagCr Spxecmfl Cncounlrrs [he () V and () f’] dL”l!-;i,
were Icss tian his (Shcmansky. 1987;. Howcvcr, JJJCdcnslucs of lhc highly ]onucd spccles show I.Mgc Jbun,l.,r.
vamucms mm may k Imkaf W’NJIwdcan~m cn 10. OLhcr SWICS Which ma! IX obscnahlc include S IV. SJ I\’ W, !
sl v.

Quasar Studies: Many cx~rrmcnw now md]caw dMl Lhcre M a suong soft X-my or excrcmc ulu;li l,)].:
ccrmponem in the spccrn of nc.a.rby Acuve GidacuL. NUCICI (AGX) and quti.ws (M”Ilkcs and Elvis l~h”. I’,u!, !
19fiS~. The narure of fis componcnl M complc~ly unknown (and 11scxMencc nol prcdlcrrd~ bu[ m~y hc rcl.~[[.tj [i) .I

‘Jwgc accrcumr dJsk summd.ing a supcrmassl}c black hole (M -106-107 SOIU rnasws: cf 13cch[i)lJ eI ~! l(~\”’ .Ir !

pounds ci al. 19116), The opaclly of hc m[crs[cllar medium hrnl[s pmcnual sm.uccs m how lyln~ ~i,~n~ 1,,.(

column dcnslly Ilncs-of-slghl (Lockman tI al 1986) Very fcu quasars and AGN sh[lu slgnll’lLan[ In[rll,l.

absorpmr (Wilkes and Elvis 1987). Based on slmllu calculauons dorm for El’\ ’E, we csumis[c tiJ[ AI.LX:~
obsmakscms umld ti=l 10-1KI AGN and qua-. J dJIScrnwon w due to a khcnnal conunuum from ~c disk

Thcorks of ~ucrion disks have prcrlicled Lha[ maucr is blow off r.hcdisk al I.argc mdu duc LOrthcm.mg tV S
mys from the inner mctn or hacd plasma m magncuc flux Icmps (Shakura ml Sunyacv 1W3, GiJlccv, R,)sncr Jr,,!
Varana 1979), The htiung M probably sufficlcnl 10 fo~ an OPU~tilY” bin wlfid a[ lcm~ralurcs (If lo~” lo” ~
(Blsnova[yi-Kogan and Blmnikov 1977). The rtiuhan[ corona may he rcsponsihlc for tic SO(I X ray cxcc$w~,

If die excess flux is primarily In cmlssrm Iincs, Lhcn ALEXIS would dclc~l Jusl as muny sfmr~c~ hu[ [h,:.
would bc a sLrong dcpmdcncc on rcd~hlfL Dcumons al a Lsmllcd number of dlscrelc rcdshlf[s vwsulJJd’wn mdi. J[c
shm qmars nave simdar .wwa as a chins, wsmmawd by mdwldud pL~smti Ilnes. Onc Inwrcsung POSSII-UIIIYIShit
wc could rcconscrucl Lhe Spcwum Of l)p~al quaws bY COmhlnlng d.w frOm ohJecU’ al many dlflercn[ rcdshlll,
Deucung quasars wti z = 0.3 would rcsul[ m a composllc spcx-msm from 30A m ITOA (72 - 43(kv ) iJ[ J
resoluuon of IOA. Broad absorp[mn fc.murm in she quasar s~-tia due m the Carbon edge a( UA (in [hc AG%’ rc~[
frame) would ah ~um rcdshlfl-dc~ndcn[ cffecls JJJWcould k Invcsllgimd wlrh AL.EXIS &JJJ by cx~rr]lnlll:
rauos of rwo adpxnl narrow lmni.h.

9.5 Relation to Brondband Surveys

Thmc could be a profihhlc xyncrglsm Lw[wrcn rhr E[ ‘\’F. isnd ALEXIS cx~nmcn[s hl~ny S[udlct LL~IIl$l!II
~rformed @[ wm.dd no[ be olhcrw MC prmwhlc. For example. onc misy usc tic narrow bisnd dJUJ (or whl[c ti~ ir!.
dclccled m hc broad-band survey m dcurmmc mlcrslcllw column dcr’wlxs. W!IIIC dwarfs may hc dcwc Icd II)

mulnplc ALEXIS bands if tic mtcrslcllar hydrogen column M less ban about 1i)2(! cm 2; m crm.m[, only orw

ELWli chmmcl will dc~i sources ●: greacr Lhan 2 x 10]9 cm-2. I?IC band rauos will bc scnsluvc [o coll,mn

dcnsJUcs grcalcr Lhan 1 x 10IQ cm 7.

Narrow-band dam can Ix qullc impmranl for !hscnmlnating bc[wecn posslhlr physical modrl~ of [hc cmls$ltm
mgmrr If he rmrrriw-barrd fluxes are companddc to broad-band values, one may refer tha[ dIc cml~smrl ii prlmm II I.
In ~c form of narrow hncs. and prohahly duc m an op[lcally [hln plasma. 11mN, dwn Ulc narrt)w turm! AJIJ c~Il IN’
used 10 ICS[ lhc hypotic~ls kha[ mc spm’ua arc nsmg rmpldl) (due K) JJJCW len portmn of a hol black hIMly I nr mINC
slriwly, alr-mg W cxnapolauon of powm-law qmcrra from hlghcr cncrgw~ llw Ikrllcr Icsl If Cxlrrmrly lrnlx)mir)[ III
rlw smdy of quasars (m ahwc)

9.6 !iYnoptic Monitoring of Varimhlr !i(lur(’r~
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difficuli 10 k rigorous m esumalcs of iu capablll[y for dclccting uunslenL<, IWI he exprrlen(c from X-ray surI~.;.. :.
encoIL@Ig One penineru study is Lhal of Helfand and l’rulck (19S3J who dctecrrd four ven fm[ ( 1- l(h 11.irc.sII, .L

su.rvev of 3 x l@ s Of EUISSCUI~ &h (0.1S -3.5 kc~). From d’us da~ d_rcydeduced an aII-Sk) cicn[ r~[~. ilt c II <
pcl }LU 17icu Lmiung flux was IO microJy “Jone of hc Emslem ua.nslenl-s have as O( ycl Ixcn Idcnufwd }{1-..+[) ~
X-m} Ida (0.S -20 ke~ ) have also yicldeu a number of, as ye[ alsrr unidcn[lficd. rwrslen~ lmung 30 n)lnu!:. I:
less (Connors. Scrlernusos and Swank 1986, Ambrus[cr and Wood 1986) Pyc and hlcf-hrdy (19S3, LJI\~t)\cr. :
longer time scale mansien~ (few hours m 1 day) using tie Arrel V Sky Surve instrument (2 -18 kcV), Sl)iT]C ,,:

these nansienrs arc known rlhlt flare stars or RS Canls Vermriconrm (R5 Cl I,) sins. Ohers, SUII lulikntltiLL!,

may also be of these classes of objczrs. A survey of 20 dwarf novae In ourbursl in Ore Iowasergy HEAO -1 d~u
(0. 15 -0.5 kc~ yieldd IWO UJuasofl Sowes ~IaI were exrrcmcly bright for a fc~ days (C6rdom cr al 19W%I Ch!:,:
ulwdow-encrg;’ X-my sources tiscovcrcd in s“urvcys of unidcnuflci.f Sofl HMO-1 sources were L5C mJg17L’:1..

cauclysmlc vtiable sws rha[ can be m SUICS of high mass accrcuon for mon[hs or ycam (WC, ~ g Jensen, Nimwk
and Nugen 1982). Some HEAO-1 ukmofl tmtslcn~ SLLHremam unldcnuficd (e. g., Nwsck, C6r&w~, and G,irn::::.
1980). These X-ray surveys indKale “hal vanahdily N common LOstellar sources on all umc sca!cs, and In Jll [!,.’
energy rtgions sampled WIS far. Below we discuss tic scnsluvll) of ALEXIS [o such Lrmrsicnt conunuum :Ini!
emlsslon-ltilc sources.

Arcrcting white dwarfs: ALEXIS will have a significant sensi[ivl[y 10 nearby hol whl[c dwarf~ Jn.!
caraclysmlc vtiablcs (mass-exchanging semi-delachcd bmarics consisrmg of a wh~[c dwarf and a low-m~~~

companion). Due 10 tic high Iuminosiucs gencramcl by Lhe ucrcuon of miucrra] onm w hlrc dwarfs (1, - I(l;f \lh

ag s-;, where ~ is Lhe -rnetion rale m uniLs of 19-8 scd?r mmscs/yij, mLaclysmic variables are inmnsically brrgt)[

assronomicaf sources. Camclysrnlc variables which accrelc al high rates rkimugh an accretion disk (nova- lL.kcvanahlci
and dwarf nova m our.burs[) are bngh[ EUV and Sofl X-ray SOIMC=: fully onc-quarm of rJscu~~cuon lummr~>i[, 1.
emlucd with a blackbody spccmsm wid’i a kmperalure of a fcw lens of eV (C6rdova cr al. 19Wks, Pti[[crsoil an,!
Raymond 1985), Canclysmic variables in which the dynarrrlcs of tic accreling material IS conrrollcd by tie magnc[]~
field of tic white dwarf Qmlars or A.M Her wars) rcl=se abou[ hdf of ticir accretion Iummosi[y w EL’Y’ and sot! x.
ray energies and atmul haJf al Scmpcsarures of a few lens of kcl’. Bccausc of their bgh space density and berause [hc~
Ue snrrinsically bngh[ X-my sources. caLac]ysmic variables make up a significarsl fraction of tic number of ~UrCL’\

found in any sumey of tic. X-ray sky. Moreover, casiwlysmic varrablcs offer a unique fabom[o~ for tic s[udy 01 lhc
processm of mass accreuon and mass loss manifcsl by such GalacLLc consuu.renrs as prc-main-sequcncc surs (f g . T
Tauri and FIJ Orionis sm.rs), late-Iy’Ix SW, early-Iype sw (e.g., GSW, gian~, suprgmn[s, and Wolf RJ!ci
mars), symbiotic stars, low- and high-mass ncuuon slar binaries. and accreung smllar-mass black holes (r, g , ~yF
X-1 and SS 443). Frmhermore, Mcreuon onlo--arsd mass ejccr.ron from--massive black holes arc ccnual 10 [hL”

dynamics of he our Galaxy and of acme galacuc nuclcl and quassrs. Became of ticse shared simllanucs, lwrau~c 01
trclr vanabilIIy and high space densl[y and I.hcu Inwlnlslcdly high LTV, EL!, and X-ray Iummosi[lcs, twcJuw. [II;.

can rouunely bc observd from lhe ground wu-h txrlh large and small ICICSCOPS by brxh profcsslorml and wrl~[ucr
astronomers and (aid’iough mfrqucntiy~ from spaLc with ul[rnvwlc[, far uluavlole L and X-ray sa[clh[cs. ~.l~cl!\rlIl.
venables offer ● W4LII of obscrvaunrud mformauon on WC pr(x.esscs of mass accrcuon and mass l<)si w iti v. hl~h
wc have @c to basu urnkwand a Iargc and clinrsc class of asuophvsd obyx Ls

11
A.



column densities (2.0 --8.9 x 10:9 atoms cm-2) and dlswccs (95--l5~ PC) result (in Lhrcc of LIIC four LaLILii lTI1:.
variables) in significant count mes m the three ALEXIS bandpasses: th summ<d coun[ rmcs for IX Vr!, SS (.~;

and V3885 Sgr arc dc[crmincd to be 0.96, 0,75, and 0.13 coun~ S-l , respc~[lvcly, rcl~uvc lo ~ prt’.!:. ::’.!

background me ofs 0.01 counts S-l per resoluuon clement. U Gcm. VW’ HYI. and approxlma[cly h~ll ~ !.;::,

other ~=lysmic variables ~111 l~cO M deu-[ed wti ~om~~hlc COUINr~[cs. rn~lns tie slud~ Of ~C w’:1 ~ r-~;
lummositia of the boundwy layers of cmaclysm]c ~afiablcs a signdicam componcnl of tie science ps~lblc M1:1.
ALEXIS.

Active, cool stars: The second group of canddalcs for sofl X-my rranslcn[s are emlsslon-llnc, ra!t(’r I!::I!.
conunuum, sou.rccs. These arc the ~~fc flare sum and Lhe R-S Cvn bmanes. These oh]ec~ ~Jcrc disco~’emd is’ J IJ::
class of soft X-ray cml[lcrs b~ I-EAO- 1 and Emstcln. Their X-ray emission arises In a hoi, rhm thcrrn.i~ PI.1.v:.:

lying in tic transition region and corona WIL)’Ia tcmpxuure belwccn 105 and a fcw umcs 107 K (src !;~c :1:.,!
ILfcl-lardy 1987). Their vanabdl[y is duc 10 rorauonal modulwon of acr.ive rcgmns or flues The la[[cr cm l.:~[ !r,::,
a few saonds up to a fc~ hours (In some =s up so lt~ cb~’s!), and Md) occur WIIJI a rcpcuuon CYCIC of a fL”A L!.I\.
(Wal;er et al. 1987). In tic binancs echpses can also produce vanablllly and are a usclul dlagnos[]c I’ ! 1:
determining she spatial dismbuuon of coronal plasma (c. E., White cl al. 191i7J.

The RS CVn sources were typically the same inlcnslly In Wc Einstein IPC derec[or as were the dwarf n:i :’? 1”
Gem and SS Cyg dting outburst. Lhl is, a few counIs/sec. TO csumak Lhe sens]u~lty of ALEXIS 10 an cnll: J,17;
line source with be parameters O( a RS CVn-li.ke flare we (olded me specrrzd pamrnewrs for HR ]099 (WalmI- ‘+5.

mvatc mrrsmunimtion) Wough *C response of the ALEXIS dctecing system. For an cm~sio~ in[egra.1 of 1(’5’>, J

plasma tempera.turc of lC$ K. a mchus of the cm:sslon region of 10 soh radii, and a dim.nce [o the source ot : p~

(witi no absorption), the csumaicd spumd Iinc intensity of HR 1099 in tie 72 CY band is 2.5 pho[ons cm’ ~ s-1

l%is cmesponds to a count rate of 1 coum S-l m one de[cc[or plxcl. a fac[or of I(NI above tic mos[ con.scr~:l~ ~~’

essimate of tic background cour~t me. For a ~mpcraturc of 4 x 104 K. bc source coun[ ra[c Ii cqu.11 II II IL.

kkgroursd mc. Thcrcorc, brrgh[ IN Cvn flares wh umpemturcs of abou[ one mdlmn degrees cm k ULI,,. t:,!
with ALEMS in one pass over the murcc.

ALEXIS will k able to sample the orbiual ligh[ curvcs of cool, active binancs. llIc typcal orblul ~rlod. 0[
RS CVn syst,cms IIC in tic msgc 1- 14 days. Any source will be in Lhe ALEXIS field of VICW for six mon[h~ w J
ume, wih various duty cycles dcwndmg on me pamcular (CICSCOF lhm vmws the source and ~c CCIIPIIC h[j[~],!(> i I
the SOUJ’CC:the duty cycle IS 32% m [hc bcsl cases. Thus some RS CVn s~rs may be moni[orcd by ALEI” 1,,
shroughou[ a subslarm.1fmcticm of a binary orblud ~nti, far many bl lwy orhl~.

9.8 Scwch for Fast Transients

Pertups Ihe most excitilg possible result from ALE> : would be die d.mcovcry of fast cransicn[ phenomcn~ III

lhc ulrxasdt X-ray region. ALEXIS wdl be momumng m~ han 1 sr of sky al any irsstan[, and IS thus sensllivc I()

mnsmnt phenomena on any timcscale, The paired [clesco~s will give con firmauon of any conlinuum rnnilcnl

cvcnL Historically, insuurncnts Mswvc to tmrmcnt-s m uncxplcxed bands have led m dlscovcnes. For exarnplc, !,L}\
Alamos rk=tm on Lhe Vcla xatclhtes led to the dl.scrwery of gamma-ray Imrsu and hc co-dlscovcry of )i.r:li
bursrs. PeAaps slmdar luck wdl st.nkc again
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Figure 12: Br&-bami YIgnals from a gamma-ray bws[, from lAmb (]%%~)

AIJO shwn arc [k apec[td counl ralesfrom ALEXIS for such an cvenf

On.c ps;ibk fast aa.nsicn( is gamma-ray bums, wh:ch may yield de[ixtable slgnds In LI)c ulr-raso[[ Xrfly t~~r]~l

Lamb (1988, summarizes dala and LIIcmy on Lhcir broad-ban{! Spccwa (FIgurc 12) Irrlcrpola[]ng hcIuc[” II

mtiuremcnls IC tic X-my ?rrd opIJcd barId~, one migh[ cxpccl an A1.~XIS slgnd of 50 $([) L’OUllL\ In lo \~L\ll)i!

from a gamma-my bursL If any u]r,tmof[ X-ray slgrrd IS $ccn (n)rn a 10w-ga.lacLIc Ii{u[utl(m fii!n]nl~ bur~[, III IL. will 1

proof Lha[ tic bun~ arc nearby and no[ al c~~ologlc~i dI:. IJIILCS Sadly, so IIILIC If knf)un abou[ g~ln]rll.1 hilli[

even 15 ya af~r I.hclr ckscovcry, Lha[ LIICUAsuu_Iccsarc SLIII unknown wl[hln ;I l~([c)r ()[ 106
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